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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method for manufacturing a complete depletion 
type SOI-MOSFET which has an SOI layer 
thinned directly under a gate electrode and an 
SOI layer thickened in source and drain parts 
using an SIMOX method and at the same time 
and shows a high driving capability of the SOI- 
MOSFET in a self-aligned manner. 
SOLUTION: The manufacturing method of a 
semiconductor device is provided with a process 
of forming a dummy gate 1 7 on a semiconductor 
substrate 1 1, a process of ion-implanting oxygen 
in the substrate 1 1 , a process of heat- treating 
the substrate 11 to form a buried oxide film 18 
in the region ion- implanted with the oxygen, a 
process of removing the gate 1 7 and a process 
of forming a gate electrode 44 on the region removed with the gate 17 via a gate 
insulating film 41 . 
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ry- h«1SSr?gfig-f-SXSt i Sril^lSt-f- 

• KUi' va5i/i5i£tic^^®fi!c-rSXg^{ix.)t 

So 

[0 0 0 1 1 

:§-fe{CB8L. PL<JiSOI (SOI : Siliconon insu 

■So 

[0 0 0 2] 

m.^<nm^\ MO S h 7 >'i^:^ ^ L S I roi^^iSfk, 

7';45fi]©J$n. *«g<73ii5V^LS I iCioV^T tiiii/Mf IS 

[0 0 0 3] — :*r, rroSOlMMOSFET (FE 
T : Field Effect Transistor WIS) (;{4:^SiJ LTXo 

toii*Sfflili^i:<0|!i®{c*-CPJii-r5%^3g^S (Full 
Depletion) SOK "b -j — o(iS5:^zJS/-K-r -f tlllE<75 
HEffi^T-iiJig-tirT. ^mm.*mi>^9f£i.m. (Partia 
1 Depletion ) SOI d^fo'S, 



[0004] «(F#OT^^S5:S S O I — MOSFETSr 

SOI ^^iS)-cffMLnc(m(S/j:ib/k-r> iSit^^D-fe 

10 0 0 5 J ^±^5.MSO I -MOS FETT-IS, ^ 
#ix5fc*!), ^5.«?tfl:j!)SSfe^>^^SSO I -MOSF 

i^•5>^l^ 0 . 1 3 mW-ttA|^T'^^^5.M S O I -M 
OSFETSrffM-r'5fc»{-{±, SOII^ffSr2 0nm 

[0 0 0 6] -r^^ibh. MWisw&Amhri^t. ^ 
jEto. 3v^^T) xo^£. mubxmi^mtKD'j^^ii^^f 

[000 7] tfc;4So-C. ffittH^fk 

T% ;!)^o@(gti«l|;^)x^W;^<OL S I ^mmi-i>m^ 
(Cli. ^±?E^m SOI-MOSFET ^icM LXim 

SOI m^&»^mKX'mmmBi<mfi!ix^?>:^'^±7^ 

(Dm-^i'^SMiZti-oX < -5, 
[0 0 0 8] ±|£SO lSWJi^i**i£f±. SIMOX 
(Separation by IMplanted OXygen) & <t 3i !9 "^^^-tirfe 

tlz±^'lX^^o ^V-^t^itmi. SO iSwiisSSttfi 

s o I mimm<r>mm\zmm Ly£i,ttii£fj:(bfj:-r. mm 
I m<nmm^-mz.mi^. m^fttsifficofcsso is 

[0 0 0 9] 

tir6^jkm] x^t-i^^it-h. sim 

oxffitcio-cffS^^nfcso I Stg^ffl^^fcso iM 

^mwmm.(r>mm-:^o'^Mzii\^''X. wv^soiji^?^ 

f5!cLT^^^S:SSO I -MO S F E T«r^'^8a-t-5^, 

[0 0 10] ±iBLfcJ; ^:^^5.SSO I -MO 
SFET^{^Ki-2)fc>:)tCli, fiiy^«2 OnmSS<^^ 

mw.^mz.m.m<r>'< :^>'&K^m.-rm%<r>s imo 
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(0 0 1 1 ] CtttcitLT. >y^fii< thy—:^ ' 

■etui ij 'b»<i&-T-ffife^ro^g:^^■>yf-^ KSSrJg^ijc-t- 
?>zt*mmictj:?)„ 'bL<li. m3<r> (1) jr^-t-J: 
y— ;^ • Kl^-'f'V^l 2 1 . 12 2W±T^v'y 

2 3,. 1 2 4(03^'^'^ h®fii7)5ii5< /^Sfci^). 
h 7 1 2 0 roKB)fii;/33»s<g:Ti- 5 i v ^ •? R3S*5 

[0 0 12] croStS^i: L-T. mn&iicy—:^ • KU'-T 

[0 0 13] iS!lC, I1I3<^ (2) (C;T^i-J; e» IC, SO I 
Sill (0±«rSrff»(if^S!!L. ^(r-J-'- H 3 1 Jfifil 
<75SOIgl 11 (1 1 IG) (D^t:m^mitt:r.>i,^ 

>y\Cii'oXU<MfS.-ti> Recessed Channel r^n-fe;^ 

Mziioxy—y(-V\^^i^\2\. i2 2ray— ^jjs 

iiip-rSPp^JS. ioiU^ Recessed Channel UtV— 

^Si 3 2(75y yi''7 7>f-xiS(;i*D{tS-^t3it-rtbroPB^ 

[0 0 14] 

[0 0 15] ^fc. mIfEy5;-y- ^^•7;=!.^icffl^^x 
fi)c-r5XSSr{i;tTV^5Ct;)5a*Ul^, «5IE 

^*5-y- h±lf6SrSdB$*5XSiSriixTV^5^i: 
[0016] ±l5¥J»«:S^ffiW$ijg;^&T-li. ^m-^m 

i$Lm.TX'm <mi&^ix. ^Mj.9\-<Dmmxm^ < mm. $ ti 

So -r^iioh. ^^-¥-hi:m^^x^-\-mmf)m 

^^S^^i^co S O I gttg J; 9 tj»< ^ i: l^^i 



5o 

[0 0 17] i?'?:-^- H5r•7^^?(lfflu^T4^^^ 

wmm^y-^- K^-r vjfut/istttfcs^ji^jai-sx 

h±S5S:Bm$■e^5XS<!:Sr^SxT^^5wi:(cJ; 
[0 0 18] 

»rElll(^J;oTtSi0Ji-5c 

[0019] Hico (1) jc^-fj; ^1 1::, «»Jx.«fSi®ffk 

■fl:¥6<)«l«^9f«w{s®!K<t7:cSM<b->y =^ (S 
i 3 N4 ) IS (H^-lir-f) ^mx.iil 0 0 nmc^ff $ 

ll> ©EECVDiSf^ioT^rglll-t-So jLIE^{b->!J 

a v-7> (S i H2 CI 2 ) [#tif^i5i£fl:Sr«»J±«5 0 c 
m3 /m i n ir-TS] tTV^=-T (NH3 ) m^M 
l:5:^J,tli2 0 0 cm3 /m i n <t-f-5] iSlg 

(N2 ) [tftf^^Sg^^iJ;t(^2 0 0 cm3 /m i n ti" 
t^m\ fi)tl^#lfflacoii;^^7 0Pa, StgiD^ 
iaSS: 7 6 O'CtcS:^ L7t„ 

(0 0 2 0] -^TiTSt^^ V y i^'y7^-t^mt^-y^-^:f 

^*«£StS 1 1 tC0tJ^(S 1 5 0 n m(r>m^(Om 1 3 SrJi^ 

F4 ) im^mmi:mz.n i o o c m3 /m i n t-t- 

<!:r/w=^>' (Ar) [«*&iitDft«r«»J^Ji9 0 0cm 

3/mini-r?)) 3i5/f-V^*#H^(7>J±;^ 

1 0 5 p a . stfi?aa^ 1 ot:. ^ns'^v'^'isac^R 

F-'<!7-Sr6 0 0W(CK«Lfc. Sfc. ^mV^&^l 1 

^y/K-iru'y^u-f^^y (C4 Fs ) [«*&j5Kl:?rfi^J 
X.«5 cm3 /m i nii-^] tgf^ (O2 ) Ctt?^o£ 
ft*fl9Jx:«4 cm3 /m i n t-TS] tT/Ur^i^ (A 
r) Cet«SgKft^«»i;tfil 0 0 cm3 /m i nti-^D 
t^mw =^y^>-yW^m^(r>l£tJ^5. 3Pa, Stg 

[00 2 1 ] i!^:^^T^ ±fESIl 3(/)l^ffi$r 1 0 nmSa 
<ni5$(z^fbL^^. {l:^6<]^taRScSfe(CJ:oT, Skit 
->y 3> (S i O2 ) l^Sr0^iJ;t(i4 0 0 n mWff^lCJi^ 
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fiSL. ±isjt 1 3 s-a*iitf„ ±fs.mt'>D =^'-^m<o^ 

(S i H4 ) [»^^Sga*0>J;t{i 2 5 0 c m3 /m i n 

irf <tsf^ (02 ) mi^m.m.i:mx.\t2 5 0 c m 

3 /m i ni-rs] tSlH (N2 ) Ctti^«ESS:«>Jx:« 

1 0 0 cm3 /m i n i:-t-5] <!:5rfflV\ fiKif#H^(^ 

ffi:^sr 13. 3 p a , mmmum.^ 5 2 ccic^^ l 

[0 0 2 2J ^rW^. T=-y V-^^Srfr^o CWT^- 
y ^'^^^frO-fiSJi LT(±. T^—MSM^ 10 0 0 
"C, T=-/W^rBl*3 O^^ll^SL^, 

10 0 2 3] ■ft:^W«l«WMIicJ;oT, ±IB«i 

iL^^i^t(DmsmT^<oii<D^m\'\ ;^7y— dta.— 

A K->y ;«7^-g-tfTV^;^T7K^^-:^i L/-ct,cDSrffl 
V\ ^y'J -rott^jjKi* 1 0 0 c m3 /m i n , mSS 
nWn.<DmM^ 2 SX:-^ 3 0°C. mmEEtli: 2 9, 4 k 
P a . WS^^<^(E)ls^Sr 3 0 r pm, Wli-^y KcOIhI 
te^^3 0 r pm(riS:S:L/c„ 
[0 0 2 4] iSfcl^-C-^y >-^^ffll,^fc!?:t5/ h*!LS(Cj: 

«®EECVD)fe{Cj;oT, ^Sfefa -> U => VBIl 5 ^ 9 0 
nmWff^fCJ^BeUfcm, ffiffbv-y 3^ (S i O2 ) M 
1 6«r3 0 nm<73ff$jrffMi-5o ±fe#-«t S •> y = 

/i^y> ( S i H4 ) m'^mm^mK.ii l O O c mS 

/m i nt-t^) tmm (N2 ) mmm.*i:m^ii2 

0 0 cm3 /m i n i:-r€>] t^y (He) Wi^ 

J)SftSr9^ix:«4 0 0 cm3 /m i nt-f-S] 
J^K^H^CO/E;^)?: 7 0 P a , StSADfRiffiS^ 6 1 O'C 

Lfc. ±faffif{k-> y 3 >iK 1 6 (Diizm^W(r>-m 

lO 0 2 5] ?):V^T% y y^''7 7^'-a^S<!:a:5,^:^i/ 
ft^fltSrfflv^T, ilEie^ki^'y aVlMl 6 i:#JS^->y 

±iEge{bv- y => vif 1 6 wni -y ^ >-^-^{4:co-0ij t 

(C4 Fg ) Cttif&jJK*:?r01Jx.fS 1 0 c m3 /m i n i: 

t-mitmm (CO) c#ti&)){Dfl:*^jx.(f 1 0 0 

cm3 /m i n ii-^] <i:r/l'=i'>- (A r ) W^tiiita 
^r0ij;tfi2 0 0 cm3 /m i n tiSrfflVva^s/ 
^:^^^gtffl^roff;^S:6Pa, SS[iaS«r2 0'C, aiy 
^>':/mm:<r>RFy<9-i: 1 . 6 0kW(cS^LfCo * 
. ±IE#5.**fB -> y 3 »5i 1 5 -y f - V y§ki^(o~m 



^> (C2C 1 3 F3 ) [W^«EflSr0lJx.«6 0 cm3 

/mi ni-rS] i:f-yU7r — '^^•t^^>'l':^7-< K (S 
Fe ) (et^gfifi^0ij;tlil 0 cm3 /m i n t-r5] 
t^ffll^V :J^5'^>-^^#Hm<OJE;^)^l . 3 Pa. 
iaSSr2 0'C. 3i,yf^>'^^a<^RF/<7— ^1 5 OW 

[0 0 2 6] nkiz. mm (2) (^^p:-t-J; ^1^. ±is^ 

5 h 1 7 Sr-^;^ ^' L.T±l2it^^^«sS;K 1 i i-K 

-mtvxii. mm-^^'^ (o+ ) cDaA^^^/u=¥-sr 

ISOkeV, K— Xft^Sr 1 X 1 0I8 i o n s/c 
m2 , S:K?aS*5 5 O'CtCiS^Lfco CCOi^ifC. ^ 

7;45?i5^^^^T^^?>fflJ^ieT:^(;5i}i^^$Stgl uzhmm 
AUTi-t^mx^in^AK ys:-y-hi 7*5f^fi)c^ixT 
v^5^ilET*-T-(i, y^-y-hi 7tmfS.^ixx\>^fi 

[00 2 7] ^(Om. iji*ft:S1S 1 1 lr^*!iS$rJfe1-r 
iJ^^-y-M 7COii:TT-li«U^SOI}SttS2 1 

(2 1 s) Amf^^fi. :L(n^%-^— V 1 7(Oii:TtJl 
f^<r>W$.X\-i±.^SO\ ?SttJl2 1 S J; 9 tJ^v^SO I 

fiit4e2 1 (2 1 D) tmiSL^ix^o ±iE!?aMa*#(75 

-0iJiL,T(±, T'=-/W#|ffi^S:T/i'=i'> (A r ) t 
L. yw^aa^ 1 3 0 0°C. /l'^ra5r2HfrBl 

^>8tffil|gi 4lc:Sj?!i-54>tfig»^J^fig$ix5„ 
[0 0 2 8] jSkl^T'lD 1 <7) (3) 9 — 

-y— h 1 7 ^•^J^^'IC UT^^'^7^:/->3 i^Sl52 2 . 2 

o-c^s:-y-hi 7^s^4»t«8Jcfl»)xL«g?^t;v'y 

^^rCli 93i5/^/<y LT, ±IS^5:-y-hl7 
WfiiJUICwro^^^-C-ii-'f K'>;t-/1'2 4^ffM-f-5o 
±iEy5;-y- h 1 7 i:±IEf--r Kl>;j— /l-2 
4 ti:-7y^^\:iL.X'< ^i^'i^X^'fi^K ^'^^^SKl 1 
WSiV^SO I ?S14S2 1 Dlcy-^ • h'\^4'^U25. 
26^m}$.-r^o :^y->i^3>n2 2. 23Sr 

fl?fi!t•f-5'<3^i'^iA*3J:t/y— :^ • K u-'T :^?fi5 2 5 , 2 

6 ^rffMi-^'f^viiAfi. MO S F E T«0Ji^j55t^{ij=lr 

y^-y- h 1 7Ta5t?5so istiS2 i si^^ 
Lxnoo 

[0 0 2 9] -^(75^, y— >^ • Ku-r v^gDic^oTi/^ 

icioT. ±8Ey->^ • K u-Y vSB 2 5 . 2 6±(::->y 
1 0 nm<7)j?:$(::fl^fijti-5o ^<75^/a--;/ y v^'-^fij^co 
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:^iZTjU=f>' (A r ) mi^mmi:m!Hi l O O c mS 
/mint-rs] :^y<y^ 'J >'i^^mn(r>EEt} 

^0. 4 Pa. y >-^*yga<7)DC^<!7 — ^0. 

8 kW. &mmt^i4 5 0"C(C^^L7tc 
[0 0 3 0] 9:\i^-Qmf&m (0tJx.«RTA : Rapid Ther 
mal Annealing ) (CioT. V—:^- K l^'l' Vgi5 2 5 . 

oTS«^6<)l;i^*i-5o rroJ:9lCLT, 132(7? (4) 

/^hv-!J^^^' K*»e>'t5->y -t^-'f K^2 7. 2 8^5jgj* 
StuSo ±lEI?!i*!ia (RTA) ^{^t^W-^iJi: LTIi. «i 

jtaastH^SrasS (N2 ) i o o%ro#ia^>b l< n 

(N2 ) iT^u^f'v (Ar) i:(75«l'g-;</^f?IS^i: 

5 5 ot, wmwi^^om^t Ltzo 

[003 1] flails (RTA) ^no^tici: 

oT. ±f2->!J-!^'r Kii2 7. 2 8 ^+^>(r{Slg;Jn:fb L 
±o w(^)^iaS (RTA) #:<4=c7)-0iJi LT{±, f^JO-S 
#H^SrM^ (N2 ) 0 0%(75^ia^'bL<H^^ 

(N2 ) tr/i-=^> (Ar) <b£Dig'g';^/:^^H^i 

[0 0 3 21 /^*5, 3^<-'l^h->y-«^'f KJi2 7, 2 8 

hMI-*J-LTy— ^ • KUl'>lfP2 5. 2 6<7)SOie 
tt®2 1D»4, *3j;t;f3 6. 4 nnK/^ffS^^/^lttN^i- 
SrirlC/iSo ->!Ji^'i' KJi2 7, 2 8 =3Vi:(75 
^v^i? KSm^T(f5fc«)(^li:. KS 2 7 , 

2 SCDT^FBICSO I ?£ttg2 1 DA^hi>U&^-z>X^^^ 

> K U'-f VgC 2 5 . 2 6;45^M^ix5SO I Stte 
2 1 D(7)Mff(i4 0 nmtA±!£:>gi/^S„ Ufc^i^^T. 
y- KiSTf^/Kx^fgPT-cOSO I »14^2 1 S<;5MJi:Sr 

[0 0 3 3] IEI2W (5) (^^-t-<fc9(C. fk^&<j 

Sttafi!cfta{Cj;oT^5:-y- h 1 7 CBfrlESI 1 <^ 
(3) #M] *JJ;t;:f-'f K^';*-— /l'2 4^S94^ffi(^^J 

^6<J«aeFSlcioT^<r)iffe^M3 l ^WSLT±IEc/ 
7Wj:ffi^rflttl^-fr5.<. 'iiB. |fe^3 1 

<r>^m^mt. mmm^i^mmm 1 4 i:Miri>mt'y 

[0 0 3 4] -twm. m^ii'^^-y h^-y'^y<-y^iiL 
<i-ih'y^:^y^>yizX'oXyi—y—h I 7 [huIE 
Hi CO (3) #M) ^^*-r?>„ ^-<75^m. m3 2*5fl^ 



#J4, *fiisiai<75 (1) lei o rafter Lfc®f<t-> y 

^16 t^^fB-yy vKl 5 tSr^-yf">^''*DXLr 

7 i:m^i-?>^-y^>^i^^i^tmmxh 

5. 

[003 5] ji»:v>T% « 3 2 <omu(r>mitiy V='>'mi 

[0 0 3 6] ^LXm2<D (6) tl^K-T J; 5 ir, f||3 2 
(D&^<D^mP^&^l 1 (SOmi±®2 1 S) ±(ey 

z(DV—hmm^na. m^iiTm\zmt^^> (t i 

N) M4 2Sr?KfiKL, J:S(l^>'i/;^7^>- (W) BI4 3 

srJig^Lfcs^i^t-rso fits, ^-hmmuntimc 

PfiS^tuSw t{±?il/>;!iv ='^</u i^-^- K (CoS 

1 2 ) w^iA^i^^^t U7'il,^J: oiz^ 8 5 O'CJSiATcOMa 

10 0 3 7] ±nmtf- ^ VBI 4 2 COBgjK^i^i: i: 
LT(±, 7"D-fe;^,;^;^(i, mmt'f-i'^ (T i C 1 4 ) 
CW^jS£»Sr0iJ;ttf 2 0 c m3 /m i n ir-fS] 
(H2 ) [«t«&M4Sr0lJ;t«2 6 cm3 /m i n ti" 
5] <t^^ (N2 ) (tt«&aiE«Sr^J;t«8 c m3 /m i 
nir-rS] tT/U^-'V (Ar) Ctt«&gKS^0iJ;t(i 1 7 
0 c m3 /m i n 1 1"^] t ^fflV \ ^M#fflm<OBE;'3 
^SrO. 2 3 Pa. C VD^gcO-v-f ^ t3S^^^••7— 2 . 
8 0kW. S«i)Df^taS^4 6 O'Cir^^LfCo */c:^ 
l^{f^'r>' {-^^yly^y Y^>^'7.T>') )K4 3coj5itM 

V (WF6 ) C«l&iiS»^S-«fiJ;tl^ 8 0 c m3 /m i 
n tTk^ (H2 ) [tt*&!)S»*^J;t(i5 0 0 c 

m3 /m i n ir-T^] i:T/U3'>- (A r ) C^J^jJit*^ 
0iJx.li2. 8L/m i ni-f-'S] <!:5rfflV^, )5gjR#HM 
WJE;^Srl0. 6 4 k P a . StgJD!l»iS*Sr4 0 O'CIC 

[0 0 3 8] ^C7)'#, fb^6^a«W^'t> L<(±3iy^/< 
y^'ICJioT, ^3 2j!i;(^(0.i^- h«11*f!|S|-^^*L. 
«3 2<0|^|F|5(C±fEg{b^^^']^4 2 t ±fE^ Vi/;^7^ 
>'Si4 3 iT-y- hlt1i4 4 ^ffM1-5o ±12^^^^':^ 

i^y'u^r— '^=^^f-7/u-:^7'i' K (SFe ) C«?S 
JEi^fi^JX-li 1 1 0 cm3 /m i n ir-rs] <tT/i'=f> 
(Ar) [«Jt?5EfiSr0iJ;tli9 0 cm3 /m i nii- 

i:5rffli/\ 3i5,^>^''#|l^cojE>3iSr3 5 P a, 31 
3''f-i'^^$ie<^RF/<!7— >Sr2 7 SWlC^^Lfc. 

(0 0 3 91 ijii±<Dxaicj;'5. ff-vmm.AA<n^-v 

2 5. 2 6 iiJjSv^tS^lcffM^nSfc*!), -i^-KSffi 
4 4(Oii:T<?)JJ^-r'fffl5roso lfS14g2 1 y— 

• KU"i'>'gi52 5. 2 6 tieS^^l*l^::»<?|^figi- 
5r tTJ^T-^-Sc ^<7)*Sm. y— >^ • K l^f' i^^fB 2 5 . 
2 6^:t^.:7.x:/v'3>gB2 2. 2 3 OTSfei±#*«l;t 
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[00 4 0] ±mm.m i^tzmmmmi^ii^^x. jiie* 

[004 1] ±iEy5:-'>'- h 1 7(cji. /jfy -^y = 
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